SUMMARY The mechanism by which clonidine suppresses plasma renin activity (PRA) was investigated in dogs anesthetized with pentobarbital. Injection of clonidine (1 M8/kg) into the dsterna magna decreased PRA from levels stimulated by prior hemorrhage into a blood reservoir to reduce mean blood pressure by 25% (21.7 ng/ml/hr ± 6 . 6 SE-> 11.1 ng/ml/hr ± 2.4 SE; p < 0.05). Clonidine reduced heart rate but mean arterial pressure remained constant due to fluid movement between the reservoir and the arterial circulation of the dog. These effects could not be attributed to leakage of clonidine from the cerebrospinal fluid since intravenous administration of the same dose had no effect on PRA. In animals bilaterally splanchnicotomized at the level of the diaphragm, elevated PRA was not reduced by intraclstemal clonidine. When return of reservoir fluid was prevented, animals became hypotensive after central clonidine and renin tended to increase. These results indicate that clonidine reduces stimulated renin by a central mechanism that is dependent upon the integrity of the sympathetic innervation of the kidney. C LONIDINE is an a-adrenergic agonist that, when administered intravenously (i.v.), produces bradycardia and a transient hypertension followed by a prolonged reduction in blood pressure. This hypotensive phase is primarily due to an action of clonidine on the central nervous system that reduces sympathetic activity.
C LONIDINE is an a-adrenergic agonist that, when administered intravenously (i.v.), produces bradycardia and a transient hypertension followed by a prolonged reduction in blood pressure. This hypotensive phase is primarily due to an action of clonidine on the central nervous system that reduces sympathetic activity. 1 Several investigators 211 have demonstrated that clonidine inhibits renin secretion, and both central and peripheral mechanisms have been proposed to explain these findings. The present study examined whether or not the central inhibition of renin secretion by intracisternal (ICS) clonidine is dependent on the peripheral sympathetic innervation of the kidney.
Materials and Methods
Adult male and female mongrel dogs (body weight, 21.5 kg ± 0.6 SE) were fasted overnight and anesthetized with pentobarbital (30 mg/kg, i.v.). Throughout the experiment, the dogs were artificially respired and their midesophageal temperature was maintained at 38°C by means of a heat lamp. The right femoral artery was catheterized and connected to a Statham transducer for continuous monitoring of mean arterial blood pressure and heart rate (via the pulse wave) with a Grass recorder. Arterial blood was also sampled from this catheter at specific times for measurement of plasma renin activity (PRA). One femoral vein was catheterized for i.v. infusions.
To permit controlled hemorrhage and regulation of mean arterial pressure, the left femoral artery was cannulated and connected to a reservoir containing heparinized isotonic sodium chloride-dextran solution. Following heparinization (20,000 units) of the dog and an initial 15-minute control period, the height of the reservoir was gradually lowered over 15 minutes to cause hemorrhage sufficient to lower mean arterial pressure by 25%. Except where indicated, the connection between the reservoir and the arterial circulation remained patent so that after clonidine administration, fluid from the reservoir reentered the dog, and a constant arterial pressure was maintained.
At 75 minutes after hemorrhage (105 minutes from the start of the experiment), six groups of dogs were treated as follows:
Group A (n = 6): Clonidine hydrochloride(l jig/kg in 0.2 ml Elliott's B Solution) was infused intracisternally over a 10-second period.
Group B (n = 7): Animals were treated identically to Group A except that only the vehicle was infused intracisternally.
Group C (n = 5): To determine if an effect of ICS clonidine on renin secretion is dependent upon maintenance of a constant mean arterial pressure, reservoir fluid was not allowed to reenter the systemic circulation after ICS clonidine.
Group D (n = 5): To control for the reentry of reservoir fluid that occurred in Group A after central 188   HYPERTENSION   VOL 2, No 2, MARCH-APRIL 1980 clonidine administration, Elliott's B Solution (without clonidine) was given intracisternally and the reservoir was raised to a height such that fluid was returned to the dog at the same rate as in Group A.
Group E (n = 4): Clonidine hydrochloride (1 Mg/kg) was infused intravenously over a 20-second period to determine if the effect on plasma renin in Group A could be attributed to a peripheral mechanism due to leakage of the drug to the periphery.
Group F (n = 6): To assess the importance of the peripheral sympathetic nervous system in the changes in renin secretion seen after treatment in Group A, ICS clonidine was administered as in Group A; however, both splanchnic nerves were sectioned at the level of the diaphragm under direct observation prior to beginning the experiment.
A 23-gauge needle was inserted through the atlantooccipital membrane for ICS injection. Proper placement of the needle was confirmed by the back flow of clear fluid both before and after the experiment.
These studies of renin secretion were performed as part of a series of experiments designed to evaluate neural regulation of insulin secretion by the pancreas. Consequently, the caudal and peripheral mesenteric arteries and all arterial branches near the spleen were ligated to allow collection of blood samples from a portal venous catheter.
We measured PRA by radioimmunoassay of generated angiotensin I after the method of Haber et al. 12 For statistical comparisons of PRA, heart rate, and mean blood pressure both within and between groups, each dog's average response was measured prior to the bleed, subsequent to the bleed, and after treatment. This value is referred to as the integrated mean (Y) and was determined by integrating the area below the curve of PRA (or heart rate or blood pressure) on the ordinate plotted against time on the abscissa for each of the three periods of the experiment (control, after hemorrhage, after clonidine). A paired Student's t test was used for within-group comparisons and a nonpaired t test was used for betweengroup comparisons.
Results
As shown in table 1, the seven groups of dogs required a loss of blood ranging from 6 to 12 ml/kg to reduce (p < 0.005) mean pressure by 26% to 29%. Cumulative reservoir fluid volumes that had entered each group just prior to each of the three posttreatment samples are also shown in table 1.
Although mean blood pressure in each group was reduced in response to hemorrhage, heart rate did not change significantly (table 2) . The absence of an increased heart rate in response to hemorrhage is attributed to maximal heart rates prior to hemorrhage stimulated by the stress of surgery and anesthesia.
Group A: After ICS clonidine, mean arterial pressure did not change (p > 0.10), presumably due to reentry of reservoir fluid ( Group C: After ICS clonidine, in the absence of reentry of reservoir fluid, there was a profound decrease in mean arterial blood pressure (p < 0.001). Although the integrated mean value for heart rate after treatment did not differ significantly from that after hemorrhage, by 19 minutes after clonidine, heart rate had decreased in four of the five dogs (p < 0.05) (table 2). Basal PRA was stimulated (p < 0.05) by hemorrhage as in previous groups. In the presence of this hypotensive response, PRA tended to increase despite ICS clonidine infusion (table 3) .
Group D: In the absence of clonidine, mean arterial pressure increased (p < 0.001) after reentry of reservoir fluid, but heart rate did not change ( 
Discussion
In our experience, suppression of renin is more readily demonstrated from a stimulated than from a basal state. Hemorrhage is a potent stimulus for renin secretion," and in these experiments, PRA was stimulated by controlled hemorrhage into a blood reservoir. In splanchnicotomized animals, basal PRA Values are means ± SE. Significant levels for comparisons of integrated mean response for pre-bled vs postbled periods, and postbled vs posttreatment periods: *p < 0.05, tp < 0.005, tp < 0.001.
Abbreviations: BP = blood pressure; HR = heart rate; ICS = intracisternalji.v. = intravenous; splanchx. = splanchnieotomy. was suppressed; however, PRA did increase in response to hypotensive hemorrhage. Although renin secretion is mediated by the renal nerves in nonhypotensive hemorrhage, 14 other investigators have reported that renin secretion from a denervated kidney is stimulated by a larger hemorrhage, presumably by way of a renal vascular receptor. 15 Furthermore, splanchnicotomy does not totally denervate the kidney. 16 After clonidine, a constant arterial pressure was maintained by establishing an equilibrium between the reservoir and the arterial circulation of the dog. Thus, we were able to study an effect of clonidine on renin secretion in the absence of changes of systemic blood pressure.
Intracisternal clonidine decreased heart rate and suppressed PRA (Group A), and these changes could not be attributed to the vehicle (Group B) or reentry of reservoir fluid (Group D). Because peripheral venous infusion of the same dose of clonidine (Group E) did not affect blood pressure, heart rate, or PRA, we attribute the changes observed with clonidine to a central mechanism. In splanchnicotomized animals (Group F), ICS clonidine did not suppress stimulated PRA, which indicates that renin suppression by ICS clonidine is dependent upon the integrity of the peripheral sympathetic nerves. When animals were made hypotensive after clonidine by not allowing reentry of reservoir fluid (Group C), however, PRAalready elevated by hemorrhage -increased to an even greater extent, which suggests that stimulation of renin secretion by hypotension predominates over inhibition by decreased sympathetic activity.
Similar to our results, Reid et al. 6 demonstrated that infusion of clonidine into the third ventricle of anesthetized dogs suppressed basal PRA and, in one animal, prevented the increase of PRA in response to bilateral carotid artery occlusion.' Because Reid's animals became hypotensive in response to clonidine, renin suppression was dependent upon maintaining renal perfusion pressure with an aortic clamp. Our results confirm and extend these observations by demonstrating that central infusion of clonidine also suppresses PRA (elevated by prior hemorrhage) in the presence of a constant mean arterial pressure. Maintenance of mean blood pressure prevents any influence from extrarenal baroreceptor reflexes that might also alter renin. 17 Furthermore, because ICS clonidine failed to inhibit stimulated renin in splanchnicotomized dogs, our results indicate that central inhibition of renin by clonidine is dependent upon renal innervation.
In support of a peripheral site of action are the observations of Pettinger et al. 7 that suppression of basal and stimulated renin by intraperitoneal clonidine in the conscious rat is prevented by aadrenergic antagonists (intraperitoneally or subcutaneously) but not by cholinergic, ganglionic, or peripheral sympathetic blockade. However, Nolan and Reid observed 10 that PRA actually tended to increase in response to i.v. clonidine (although not significantly) after ganglionic blockade with pentolinium, and Ganong et al." reported that PRA increased in five of eight dogs with spinal cord transection. Furthermore, Nolan and Reid reported that renin release was stimulated by i.v. infusion of oxymetazoline, an a-adrenergic agonist that does not cross the blood-brain barrier. Based on these observations, Nolan and Reid 10 concluded that clonidine inhibits renin only by a central mechanism. Additionally, Reid et al. 6 reported that i.v. clonidine (30 Mg/kg) did not inhibit renin release from denervated kidneys and interpreted this observation as further evidence against a peripheral mechanism. Basal renin after denervation was low, however, and a further decrease would have been difficult to discern. In the present studies, only a low dose of i.v. clonidine was administered as a control for the ICS infusion, and stimulated PRA was not inhibited. In preliminary studies 11 in four dogs, hemorrhage-stimulated PRA was inhibited by a higher dose of i.v. clonidine (30 /ig/kg); and unlike central clonidine, 40 minutes after this dose of i.v. clonidine, PRA was inhibited (p < 0.01) in each of five dogs even after sectioning of the splanchnic nerves (24.2 ng/ml/hr ± 4.9 SE to 16.7 ng/ml/hr ± 4.8 SE). We cannot exclude the possibility, however, that inhibition of renin release by high-dose i.v. clonidine may be related to remaining renal innervation after splanchnicotomy.
In summary, our studies indicate that ICS clonidine suppresses renin by a central mechanism that is dependent upon the integrity of the sympathetic innervation of the kidney. In hypotensive animals, PRA tends to increase despite clonidine administration, which suggests that other stimuli for renin release may override the inhibitory effect of central clonidine.
